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Abstract
We construct the explicit worldvolume eective actions of the
type IIB NS-5-brane and KK-monopole. These objects are obtained
through a T -duality transformation from the IIA KK-monopole and
the IIA NS-5-brane respectively. We show that the worldvolume eld
content of these actions is precisely that necessary to describe their
worldvolume solitons. The IIB NS-5-brane eective action is shown
to be related to the D-5-brane’s by an S-duality transformation, sug-
gesting the way to construct (p; q) 5-brane multiplets. The IIB KK-
monopole is described by a gauged sigma model, in agreement with
the general picture for KK-monopoles, and behaves as a singlet under
S-duality. We derive the explicit T -duality rules NS-5-brane $ KK,
which we use for the construction of the previous actions, as well as
NS-5 $ NS-5, and KK $ KK.
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The worldvolume eective actions that provide the sources for the brane so-
lutions of type II superstring theories have proved to reveal a great deal of
information about the dynamics of these objects [1, 2, 3, 4]. The Born-Infeld
(BI) eld present in the worldvolume of D-branes describes the flux of a fun-
damental string ending on the brane [5, 6]. The self-dual 2-form present in
the action of the M-5-brane (IIA NS-5-brane) describes the dynamics of the
string-like boundary of an M-2-brane (D-2-brane) on the M-5-brane (NS-5-
brane) [1]. In general, elds propagating on a brane worldvolume describe
the dynamics of the boundaries of other branes ending on it. These cong-
urations can be obtained from congurations of intersecting closed branes
where one of the branes opens up to lean its boundary on the other brane
[2, 7]. These intersection regions, as well as the boundaries of branes ending
on another branes, are described by worldvolume solitons that preserve 1/4
of the supersymmetry of the bulk. From the point of view of the particular
brane they preserve 1/2 of its supersymmetry. Therefore the study of the
worldvolume supersymmetry algebra of the brane can be used to reveal its
possible soliton solutions [8, 9].
In this paper we construct the worldvolume eective actions of the type
IIB NS-5-brane and KK-monopole. Six dimensional gauge theories obtained
as the weak coupling limit of a system of parallel type II vebranes have
received a lot of attention recently [10, 11]. In this limit, interactions on
the vebranes lead to interacting six dimensional gauge theories, and dier-
ent gauge groups and supersymmetries can be obtained depending on the
particular choice of vebranes that is taken.
The worldvolume eld content that we nd in the actions for the IIB NS-5-
brane and KK-monopole agrees with the eld content anticipated in [12, 13],
based on general arguments following from the representation theory of six
dimensional N = 2 supersymmetry and T -duality. Based on these analysis
the eld content of the eective actions could be deduced, even though the
explicit couplings and therefore the explicit eective actions were not known.
A basic tool in our construction is the T -duality symmetry between the
type IIA and type IIB superstring theories [14]. For D-branes T -duality re-
lates the direct dimensional reduction of a given D-p-brane with the double
dimensional reduction of a D-(p + 1)-brane in the dual theory [6, 15, 16].
For other solitonic objects, like the NS-5-branes and the KK-monopoles con-
sidered in this paper, T -duality can work in two dierent ways, depending
on whether we are dualizing with respect to a worldvolume coordinate or
with respect to a transverse coordinate. The transformations of the target
space elds are of course the same but the way the worldvolume elds trans-
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form dier from one case to the other. In this paper we will analyze both
possibilities.
The IIB NS-5-brane is related by T -duality along a transverse coordinate
with the IIA KK-monopole. Therefore, its worldvolume theory must be
described by the six dimensional (1; 1) vector supermultiplet, which contains
4 scalars and one vector. The IIB KK-monopole is related by T -duality (also
along a transverse coordinate, in particular its Taub-NUT direction) with the
IIA NS-5-brane, which implies that it must be described by a (2; 0) vector
supermultiplet, which contains a selfdual 2-form and 5 scalars.
The D-5-brane and the NS-5-brane solutions of type IIB supergravity are
related by an S-duality transformation. Therefore, it is natural to expect
that the corresponding eective actions must be related by the same kind of
transformation. However, starting from the D-5-brane eective action it is
not clear how the worldvolume elds should transform under S-duality, in
particular whether a worldvolume duality transformation needs to be done,
as happens with the relation between F- and D- strings [17]. Our approach
in this paper is to construct the action of the IIB NS-5-brane starting from
the action of the IIA KK-monopole [18]. At the level of the supergravity
solutions one can perform a T -duality transformation along the isometry
direction of the Taub-NUT space of the monopole in order to obtain the 5-
brane supergravity solution. At the level of the worldvolume eective actions
we proceed in the same way. Then we check that the resulting action is
indeed S-dual to the D-5-brane and derive the S-duality transformation rules
of the corresponding worldvolume elds. An interesting feature is that a
worldvolume Poincare duality is not needed in this case.
On the other hand, T -duality also relates both type II NS-5-branes (KK-
monopoles). We explicitly work out these duality transformations. They
provide a check for the action of the IIB NS-5-brane (IIB KK-monopole)
constructed from the IIA KK-monopole (IIA NS-5-brane).
NS-5-branes and KK-monopoles couple to dual space time potentials, for
which no explicit T -duality transformation rules have been derived. We ll
this gap and derive as well the explicit T -duality rules for the new background
elds that couple to the KK-monopole eective actions.
The structure of the paper is as follows. In section 2 we derive the action
of the IIB NS-5-brane. We then check that the resulting action is related to
the D-5-brane eective action by an S-duality transformation.
In section 3 we construct the action of the IIB KK-monopole. In this case
we perform a T -duality transformation in the worldvolume action of the IIA
NS-5-brane [19]. The resulting action is a singlet under S-duality, a property
that can also be used to derive the eld content of the IIB KK-monopole
[13].
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In section 4 we present the worldvolume T -duality rules that map the
NS-5-branes of the type IIA and IIB theories onto each other. In this case a
further worldvolume duality transformation is required in order to show the
equivalence between the two actions. In section 5 we do the same for the
KK-monopole eective actions. These T-dualities establish a map between
(1; 1) and (2; 0) six dimensional supersymmetric theories [12]. The analysis
of the fermionic parts should reveal the reversing of the space-time chirality
under the T-duality transformation.
Appendix A contains the T -duality rules for the dual background poten-
tials coupled to the NS-5-branes and KK-monopoles, as well as the transfor-
mations of the new target space elds present in the KK-monopole eective
actions. Appendices B and C summarize the gauge transformation rules of
the target space and worldvolume elds considered in the paper.
Finally in section 6 we present our conclusions and open problems.
We nish the introduction by summarizing the target space elds occur-
ring in the IIA and IIB superstring theories in order to set up the notation
for the rest of the paper. They can be found in tables 1 and 2.
Target space Gauge Dual Gauge
Field Parameter Field Parameter
g ,  − − −











k − N1:::7 
(6)
1:::6
Table 1: Target space elds of the type IIA superstring. The type
IIA background contains the NS-NS sector: (g ; ;B), the RR sector: (C
(1); C(3)),
and the Poincare duals of the RR elds and the NS-NS 2-form B: (C(5); C(7); ~B). The
Kaluza-Klein monopole couples to a new eld N , dual to the Killing vector associated to
the Taub-NUT isometry, considered as a 1-form k.
2 The IIB NS-5-brane
In this section we construct the action of the IIB NS-5-brane, by means of
a T -duality transformation in the eective action of the IIA KK-monopole.
This duality is performed along the Taub-NUT direction of the monopole.
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Target space Gauge Dual Gauge
Field Parameter Field Parameter
g , ’ − − −
B  ~B1:::6 ~1:::5







k − N1:::7 ~
(6)
1:::6
Table 2: Target space elds of the type IIB superstring. The Type IIB
background contains the common sector: (g ; ’;B), the RR sector: (C(0); C(2); C(4)),
and the Poincare duals of the 2-forms C(2) and B: (C(6); ~B). We include as well the
Poincare dual of the Killing vector k, that we denote by N .
The action of the IIA KK-monopole was constructed in [18] and we sum-
marize it in the next subsection. An interesting feature in this T -duality
transformation, which makes it dierent from the more extensively studied
D-brane duality [6, 15, 16], is that the number of worldvolume dimensions is
the same in the original and dual theories5. The way it works in this case is
explained in detail in subsection 2.2.
IIA KK-monopole IIB NS-5-brane D-5-brane
T-duality
S-duality
Figure 1: In this gure we depict the way we have derived the IIB NS-5-brane action.
Applying T -duality in the IIA KK-monopole action along the Taub-NUT direction the
type IIB NS-5-brane action is obtained, and it is S-dual to the D-5-brane eective action.
2.1 The IIA KK action
Let us rst recall the action of the IIA KK-monopole constructed in [18].
The KK-monopole [21] in D dimensions can be considered an extended
object with D−5 spatial dimensions and one extra isometry direction trans-
verse to the worldvolume. In order to get the right counting of degrees of
5This duality was studied in [20] for the heterotic case.
5
freedom this isometry is gauged, such that the eective number of embedding
scalars is 3, tting in a D − 4 dimensional vector multiplet. The eective
action of a KK-monopole in D dimensions is then described by a D − 4
dimensional gauged sigma model [22, 23, 18]6.



























where k is the Killing vector associated to the transverse target space isom-




with k2 = −kkg . With this choice the metric is eectively nine dimen-
sional since the coordinate adapted to the isometry drops out of the action
[22].
K(2) and K(1) are the curvatures of the 1- and 0-forms !(1) and !(0),
respectively7:








6For some recent work on KK-monopoles see [24].
7We omit the worldvolume indices with the understanding that they are completely
antisymmetrized. We use this notation throughout the paper.
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Worldvolume Field ] of
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Table 3: Worldvolume eld content of the IIA KK-monopole. The
eld content of the IIA KK-monopole consists on a 1-form !(1), a 0-form !(0) and 3
embedding scalars X, tting in a 6 dimensional vector multiplet. One extra degree of
freedom has been eliminated through the gauging construction. The 5-form !(5) describes
the tension of the monopole.


































where (ikL) denotes the interior product of the eld L with the Killing vec-
tor8. The target space elds N and ~B are the duals of the Killing vector,
considered as a 1-form k, and the NS-NS 2-form B, respectively.
The worldvolume eld content is summarized in Table 3 and the gauge
transformations can be found in Appendix C.1.
Worldvolume elds propagating in the eective action of a given brane
8In our notation: (ikL)1:::r = k
r+1L1:::r+1 .
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have an interpretation in terms of soliton solutions on the brane. In the
IIA KK-monopole worldvolume action there are four soliton solutions pre-
serving 1/4 of the supersymmetry of the bulk [25]. These are a 1-brane, a
2-brane, a 3-brane and a 4-brane solitons. The worldvolume elds present in
the KK-monopole eective action are precisely those describing these soliton
solutions.
The worldvolume eld !(0) couples to the 3-brane soliton (through its
dual 4-form) and !(1) couples to the 0- and the 2-brane solitons (to the
latter through its dual 3-form). Some of the corresponding intersections are
given by: (3jNS5; KK), (0jD2; KK) and (2jD4; KK), where in all these
congurations one of the worldvolume directions of the brane is wrapped
around the Taub-NUT direction of the monopole.
The intersections: (3jKK;KK)1, (3jKK;KK)2, where either both S1’s
coincide or one worldvolume direction of a monopole is wrapped around the
other’s S1, are also possible. These 3-brane solitons couple to the 4-forms
dual to the embedding scalars, and can be obtained from the intersections of
two monopoles in M-theory [26] by reducing along a common worldvolume
direction.
The worldvolume eld !(5) describes the tension of the monopole and
couples to the 4-brane soliton, which is a domain wall in the 6 dimensional
worldvolume as can be seen from the intersection (4jD4; KK) [26].
2.2 T -duality
Our aim now is to perform a T -duality transformation in this action in order
to obtain the IIB NS-5-brane. The way T -duality works in this case is as fol-
lows: One rst reduces the KK-monopole action along its isometry direction,
given by the Killing vector k. The result is mapped into the direct dimen-
sional reduction of the IIB NS-5-brane along one transversal coordinate Z,






The KK-monopole and the 5-brane couple to target space elds for which
the T -duality rules have not been worked out in the literature. In particular,
the IIA KK-monopole couples to the 6-form ikN and to ik ~B, and the IIB
NS-5-brane couples to the 6-form ~B, dual to the NS-NS 2-form B. We have
worked out the explicit T -duality rules for these elds. They can be found
in appendix A.
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The T -duality rules for !(1) and !(5) are given by:
!(1)0 = −c(1) ;
!(5)0 = ~c(5) − 60(20)Z 0@c(1)@c(1)@Z :
(2.7)
In the last expression Z 0 is the adapted coordinate to the Killing isometry
of the monopole, and ~c(5) is the worldvolume gauge potential that describes
the tension of the IIB NS-5-brane. The last identication is crucial in order
to eliminate completely the Z 0 coordinate associated to the isometry of the
monopole. Given that it is not a degree of freedom in the KK-monopole it
should not transmit any degree of freedom to the 5-brane.
Considering as well the transformation of the target space eld (ikB),
which can be found in the appendix, we nd:
K(2)0ij = − ~Fij ; (2.8)
where ~F is the eld strength of the worldvolume eld c(1), describing the
tension of a D-string [27]:




Also, under T -duality the tensions of the two branes must be identied:
T 0AKK = TB5.
2.3 The action of the IIB NS-5-brane
Applying the T -duality as described above, we obtain the following action



















d6 i1:::i6 ~G(6)i1:::i6 :
(2.10)
~F is dened above in (2.9) and ~G(6) is the curvature of the 5-form ~c(5) de-
scribing the tension of the 5-brane. This 6-form is the gauge invariant Wess-
9









Table 4: Worldvolume eld content of the IIB NS-5-brane. In the case
of the IIB NS-5-brane, there are four embedding coordinates X and one vector eld c(1).
This eld is the S-dual of the BI eld b, and describes the flux of a D-string ending on

















The worldvolume eld content is summarized in Table 4. It consists on a
vector and 4 scalars, which is the eld content of the six dimensional (1; 1)
vector supermultiplet [12]. The corresponding gauge transformations can be
found in Appendix C.2.
The worldvolume vector eld c(1) is associated to the tension of a D-string,
therefore it describes the flux of such an object ending on the NS-5-brane
[1, 2]. This is the S-dual picture of a fundamental string ending on a D-5-
brane (see Figure 2).
The action (2.10) is in fact S-dual to the D-5-brane action. The following





C(2) ! B ;
C(6) ! ~B ;





B ! −C(2) ;
~B ! −C(6) ;
(2.12)


















Figure 2: The IIB NS-5-brane worldvolume theory contains a vector c(1), which is the
S-dual of the BI eld b and describes the flux of a D-string ending on the 5-brane. This
is the S-dual picture of a fundamental string ending on a D-5-brane.
gives the action (2.10) describing the NS-5-brane.













F = 2@b+ 1
20
B and b is the Born-Infeld eld.
The world-volume elds must transform as SL(2; Z) doublets:
c(1) ! b ; b! −c(1) ; (2.15)
and:
~c(5) ! c(5) ; c(5) ! −~c(5) : (2.16)
Therefore we have found that the IIB NS-5-brane, dened as the T -dual of
the IIA KK-monopole, is S-dual to the D-5-brane, as it was known already at
the level of the corresponding type IIB supergravity solutions. It is interesting
to note that the BI eld transforms into a 1-form, and not into a 3-form as
one would have expected. See the conclusions for a further discussion on this
point.
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The worldvolume elds present in the IIB NS-5-brane eective action
describe the soliton solutions constructed in [25], as we are now going to
see. We nd the same worldvolume solitons than for the IIA KK-monopole,
given that both branes are T -dual to each other. Also, they are related by
S-duality to the worldvolume solitons of the D-5-brane [3, 4, 8].
The worldvolume eld c(1) couples to the 0-brane and the 2-brane solitons
(to the latter through its worldvolume dual 3-form). Some corresponding
intersections are: (0jD1; NS5) and (2jD3; NS5). They are related by T -
duality to the IIA KK-monopole solitons described by the congurations:
(0jD2; KK) and (2jD4; KK), respectively.
There are also two 3-brane solitons corresponding to the intersections:
(3jNS5; NS5) and (3jNS5; KK). The rst one is obtained by applying T -
duality to either of the two intersections in IIA: (3jNS5; KK) or (3jKK;KK)1
(here the two S1’s of the monopoles coincide). The second is obtained from
the conguration (3jKK;KK)2 in IIA. The 4-forms in the worldvolume of
the IIB NS-5-brane that couple to these solitons are the duals of the embed-
ding scalars in the 5 + 1 dimensional worldvolume.
~c(5) describes the tension of the NS-5-brane, and it couples to the do-
main wall in the six dimensional worldvolume given by the intersection:
(4jD5; NS5) [28]. This soliton is T -dual to the 4-brane soliton (4jD4; KK)
of the IIA KK-monopole.
3 The IIB KK-monopole
In this section we derive the action of the IIB KK-monopole through a T -
duality transformation in the action of the IIA NS-5-brane. In this case
T -duality is performed along a coordinate transverse to the 5-brane.
T-duality
IIB  KK-monopoleIIA  NS-5-brane 
S-selfduality
Figure 3: In this gure we depict how we have obtained the IIB KK-monopole action.
We apply T -duality on the IIA NS-5-brane action along one coordinate in the transverse
space. One check of the action obtained is its invariance under S-duality.
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3.1 The IIA NS-5 action
Let us rst recall the action of the type IIA NS-5-brane. In the quadratic
















d6i1:::i6 ~F (6)i1:::i6 ;
(3.1)
where G(1) is dened as:




and the selfdual 3-form H(3) as:
H(3) = 3@a(2) +
1
20
C(3) + 3@c(0)B : (3.3)








(3) lmn : (3.4)
The 6-form ~F (6) is the WZ-curvature associated to the 5-form ~b, which
describes the tension of the IIA NS-5-brane:
~F (6) = 6@~b+ 1
20
~B − 6C(5)@c(0) + 30C(3)B@c(0)
−30@a(2)C(3) − 90(20)B@a(2)@c(0) :
(3.5)
The NS-5-brane contains a 1-brane, a 3-brane and a 5-brane solitons
[25, 19]. These are as well the soliton solutions occurring in the M-5-brane
eective action [8, 9], given that both branes are related by dimensional
reduction.
The 1-brane, or self-dual string, couples to the self-dual 2-form a(2),
and it describes the boundary of a D-2-brane ending on the NS-5-brane:
(1jD2; NS5). The 3-brane soliton couples to the dual of the worldvolume
scalar c(0) and describes the intersection of two NS-5-branes: (3jNS5; NS5).
Finally, if we considered the NS-5-brane on a massive background [19] we















Table 5: Worldvolume elds of the IIA NS-5-brane. In the case of the IIA
NS-5-brane, there are four embedding coordinates X, a scalar c(0) and a selfdual 2-form
a(2). The 5-form ~b describes the tension of the 5-brane.
which couples to a 5-brane soliton. This 5-brane soliton is the dimensional
reduction of the M-5-brane 5-soliton, realized as the embedding of the M-5-
brane on an M-9-brane: (5jM5;M9) [29]9.
The worldvolume solitons in the IIB NS-5-brane are related to these soli-
tons by a T -duality transformation along a worldvolume direction, as shown
in [25].
It is important to notice that there is actually no compelling reason why
we should introduce the eld ~b describing the tension of the IIA NS-5-brane.
It has been pointed out [27, 30] that since there is no 4-brane soliton on
this brane, it is not necessary to elevate the brane tension to the status
of a dynamical variable. This can be argued from the fact that the IIA
NS-5-brane is the dimensional reduction of the M-5-brane. The M-5-brane
cannot have a boundary on any other brane [2], so there is no need to replace
its tension by a dynamical variable. From this point of view the role of
~b in the IIA NS-5-brane action is to guarantee invariance under all gauge
transformations, including total derivatives. It is also necessary in order
to obtain the worldvolume 5-form of the IIB NS-5-brane after a T -duality
transformation [31]. This 5-form couples to the 4-brane soliton of the IIB
NS-5-brane [28].
The worldvolume eld content is summarized in Table 5 and the gauge
symmetries of these elds are given in Appendix C.4.
9The M-5-brane 5-brane soliton can be described as well by the intersection [26, 9]:
(5jM5;KK), though in this case it is realized as a domain wall in the seven dimensional
worldvolume of the eleven dimensional KK-monopole. This conguration gives the embed-
ding of the NS-5-brane on the KK-monopole: (5jNS5;KK) after dimensional reduction.
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3.2 T -duality
We apply now a T -duality transformation along a transverse direction. The
worldvolume elds do not change rank after T -duality since we keep the same
number of worldvolume dimensions. Moreover, we have a new scalar eld Z 0,
which is the T -dual of the coordinate along which we perform the duality
transformation. The T -duality rules for the worldvolume elds are given by:
Z 0 = (20)!(0) ;
c(0)0 = −~!(0) ;
a(2)0 = −!(2) + 2(20)Z@!(0)@~!(0) ;
~b0 = !(5) − 30(20)2Z@!(2)@!(0)@~!(0) :
(3.7)
Notice that the transversal coordinate and the scalar c(0) transform dierently
than for D-branes. In that case the transversal coordinate T -dualizes into one
of the components of the BI eld in the dual D-brane. Here, since we do not
change the number of worldvolume dimensions, this coordinate T -dualizes
into a new scalar eld10. The occurrence of Z, the Taub-NUT coordinate of
the KK-monopole, in the right hand side of the last two expressions above is
required by gauge invariance, and assures the gauged sigma-model structure
necessary to describe the KK-monopole.
The worldvolume curvatures transform as follows:
H(3)0 = −K(3) ;







where K(3) is the curvature of !(2), and K(1) and ~K(1) are the curvatures of
!(0) and ~!(0), respectively. These eld strengths are dened below.
10Furthermore, the scalar eld c(0) (describing the tension of a D-0-brane) is mapped
into another scalar: ~!(0), whereas in a D-brane duality mapping it is mapped into the




3.3 The action of the IIB KK-monopole














































the gauge invariant curvatures of the worldvolume scalars !(0) and ~!(0). The
covariant derivative is the usual one for KK-monopoles:
DX = @X +Ak ; (3.12)
with k the Killing vector describing the Taub-NUT isometry and A the
dependent eld:
A = k−2@Xk ; (3.13)
where k2 = −kkg . The curvature of the two form !(2) is given by:










+3@~!(0)DXDXB + 3@!(0)DXDXC(2) :
(3.14)
Finally, ~K(6) is the eld strength of the 5-form ~!(5) describing the tension of
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Worldvolume Field ] of
Field Strength d.o.f





Table 6: Worldvolume eld content of the IIB KK-monopole. In the
case of the IIB KK-monopole, there are three embedding coordinatesX, after gauge xing
the Taub-NUT coordinate, two worldvolume scalars !(0), ~!(0), constituting a doublet
under S-duality, a self-dual 2-form !(2) (S-selfdual) and a 5-form ~!(5), describing the
tension of the KK-monopole and also S-selfdual.
the IIB KK-monopole:
~K(6) = 6@~!(5) + 1
20
(ikN ) + 6(ik ~B)@!(0) − 6(ikC(6))@~!(0)
+30(DX : : :DXC(4))(ikC










+60(20)2K(3)A@!(0)@~!(0) − 30(20)(DX : : :DXC(4))@!(0)@~!(0)
−360(20)2@!2A@!(0)@~!(0) :
(3.15)
This action is invariant under local transformations in the worldvolume:
X = −()k, with A playing the role of gauge eld: A = @. This
symmetry can be gauge xed by eliminating the coordinate adapted to it,
which is the Taub-NUT direction of the monopole. In this way we obtain
the right number of degrees of freedom [22].
The eld content of the worldvolume theory is summarized in Table 6. It
consists on a selfdual 2-form and 5 scalars, which is the eld content of the
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(2; 0) vector supermultiplet [12]. The worldvolume symmetries can be found
in Appendix C.4.


















Notice that we have introduced a new eld ikN . This eld is dened from
the T -duality rule for the eld ~B of type IIA:
~B01:::6 = N1:::6z : (3.17)
Its gauge transformation rule can be found in the appendix (formula (B.4)),
and shows that ikN is S-selfdual. The complete action of the IIB KK-
monopole is in fact invariant under S-duality. This duality works on the
worldvolume elds as follows:
!(2) ! !(2) ; ~!(5) ! ~!(5) ;
!(0) ! ~!(0) ; ~!(0) ! −!(0) ;
(3.18)
i.e. !(0) and ~!(0) constitute a doublet under S-duality whereas !(2) and ~!(5)
are S-selfdual.
Intersections in Type IIB can be cast into representations of S-duality.
This has the consequence that the solitons occurring in the branes t as
well into S-duality representations. This picture emerges naturally in the
worldvolume action of the monopole.
The IIB KK-monopole has the same worldvolume soliton solutions as the
IIA NS-5-brane, given that both branes are related by T -duality [25]. We
show below that the worldvolume eld content that we nd in the IIB KK-
monopole eective action precisely describes the couplings to these solitons.
The eld !(2) couples to a 1-brane soliton on the brane, which can be des-
cribed by the intersection of a D-3-brane with the KK-monopole: (1jKK;D3).
Here one of the worldvolume directions of the D-3-brane is wrapped around
the S1 of the monopole. This conguration is S selfdual.





Although the reduced metric 
(B)







 has a well dened inverse (B) ij in the 5 + 1 dimensional
worldvolume.
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We can also have a 3-brane soliton on the KK-monopole, which can be
obtained by two dierent intersections:
(3jKK;D5) ; (3jKK;NS5) ; (3.19)
where in both cases one direction of the brane is wrapped around the S1 of
the monopole. These two congurations are S-dual to each other, with each
3-brane soliton described by one of the 0-forms forming an SL(2; Z) doublet:
(!(0); ~!(0)).
We still have the three embedding scalars, which may play a role in the
construction of 3-brane solitons. Since they are inert under S-duality, they
must couple to solitons that appear in S-selfdual congurations of branes.
These are the two possible intersections of two IIB KK-monopoles on a three
brane: (3jKK;KK)1;2, which we also encountered in the IIA theory.
The 5-brane soliton can be realized as the intersection of the IIB KK-
monopole with a D-7-brane. The KK-monopole is completely embedded in
the D-7-brane, which lies transversal to the S1 direction.
There are other intersections over 1-, 3- or 5-branes for which one can
nd out to which worldvolume eld they should couple, in view of the S-
symmetry of the conguration. As for the IIA NS-5-brane, there are no
intersections over a 4-brane. Therefore the same argument presented in the
previous section against a dynamical tension for the IIA NS-5-brane [27, 30]
applies to the IIB KK-monopole.
4 T -duality between type II NS-5-branes
In this section we present the T -duality rules between both type II NS-5-
branes. The duality is achieved in this case by means of a double dimensional
reduction. We restrict ourselves to the kinetic part of the actions.
In this and the next section hatted (unhatted) worldvolume directions
are six (ve) dimensional.
We split the worldvolume directions into {^ = (i; ), where  is the world-
volume coordinate which is identied with the target space coordinate in the
reduction.
The T -duality rules of the worldvolume elds present in the IIA NS-5
brane eective action are:
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where ~c(3) is the worldvolume dual of c(1) 12. This duality can be seen as
inherited from the selfduality of a(2) in the IIA NS-5-brane, and has the







1 + e2’C(0) 2
g{^1 |^1 : : : g{^4 |^4
|^1:::|^6 ~F|^5|^6 ; (4.2)
where ~G(4) is the curvature of ~c(3):






BC(2) + 12B@c(1) : (4.3)
Using the T -duality transformation rules for the target space elds given




C(0) ; G(1)0i = − ~Fi ;
H(3)0ij = − ~Fij ; H
(3)0




~G(4)ijk is related to ~F through (4.2).
It is important to stress the fact that in the dualization of G(1) a factor
20 enters in the denominator. This implies that higher order terms in 0
in the kinetic part of the IIA NS-5-brane will contribute after duality to a
lower order approximation for the IIB NS-5-brane.
The action (3.1) of the IIA NS-5-brane is valid up to quadratic order in 0.
If we want to obtain an action for the IIB NS-5-brane up to the same order
we need to consider the following, fourth order, expression for the kinetic





























12~c(3) is related to the 3-form c(3) describing the tension of the explicitly S-selfdual
D-3-brane [32] by ~c(3) = c(3) + (20)c(1)@b.
20
Note that this extra term does not come from considering the next order
contribution to the M-5-brane action, but from the inverse metric in the
reduction of the H2-term from eleven to ten dimensions.
T -duality in this action yields the action of the IIB NS-5-brane with one
extra 3-form ~c(3), i.e. the IIB NS-5-brane in a \1- 3- form" formulation. We
need to perform the Poincare duality (4.2) in order to obtain the action (2.10)



















This provides a further check of the action that we have presented in
section 2.3 for the IIB NS-5-brane.
5 T -duality between type II KK-monopoles
We can do the same calculation as in the previous section for the case of the
type II KK-monopoles. Also here we concentrate only on the kinetic terms.
The duality is achieved again by means of a double dimensional reduction.
The gauged isometry direction is kept the same in both monopoles.
The transformations of the worldvolume elds in the IIA KK-monopole
are:














ij in the IIB KK-monopole is obtained from the T -dualization
of a 3-form, which is the worldvolume dual of the 1-form !(1) in the IIA KK-
monopole action. The selfduality of the 2-form !(2) in the IIB KK-monopole
translates into the duality between !(1) and !(3). Explicitly, the selfduality












where K(4) is the curvature of the 3-form !(3):





+12(DXDXB)@!(1) + 24(20)A@!(0)@!(1) ; (5.3)
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The 3-form !(3) is therefore associated to the target space eld ikC
(5)
of the IIA KK-monopole, and it couples to its 2-brane soliton. See the
conclusions for a further discussion on this point.
The worldvolume duality transformations above, together with the trans-
formations for the target space elds that can be found in Appendix A, give
the action of the IIB KK-monopole in quadratic approximation. Note that
in this calculation it is necessary to perform the Poincare duality transfor-
mation (5.2) in order to obtain the selfduality condition (3.16) of the IIB
KK-monopole action.
This result provides a further check of the action presented in section 3.3.
6 Conclusions
In this paper we have constructed the worldvolume eective actions of the
NS-5-brane and KK-monopole of the type IIB theory. Their worldvolume
eld content is precisely what is needed in order to explain the soliton con-
gurations of these branes.
It is remarkable that the worldvolume elds that couple to the soliton
solutions of a six dimensional brane are those that are needed to construct
invariant eld strengths for each target space eld coupled to the brane.
These eld strengths take the form: p@c(p−1) + 1
20
C(p) + : : :. Consider
for instance the IIB NS-5-brane. The target space elds that couple to its
worldvolume are: C(2); C(4) and B. The corresponding worldvolume eld
strengths contain the worldvolume elds: c(1); c(3) and a 5-form c(5), which
couple to 0-brane, 2-brane and 4-brane solitons, respectively. Given that c(3)
is the worldvolume dual of c(1) it is possible to construct an action in which
only c(1) is present, which is the one that we have constructed in section 2.
If c(3) is included then the 5-form that enters the eld strength of B (the WZ
term) is c(5), which diers from ~c(5) by a worldvolume eld redenition13. One
can conclude that a (p − 2)-brane soliton in the worldvolume of a q-brane
couples to its worldvolume eld c(p−1) and describes the boundary of a (p−1)-
brane ending on the q-brane. The eleven dimensional soliton congurations
derived in [9] can also be associated to the worldvolume elds assigned to
each target space eld occurring in the worldvolume. This idea provides a
very simple way of identifying which soliton solutions should be found in a
particular brane. That this could be the case was anticipated in [7, 32].
13That is why we have denoted it c(5) and not ~c(5), as it appears in the IIB NS-5-brane
action of section 2.
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For the KK-monopoles, the worldvolume elds are associated to the con-
tractions of the Killing vector with the target space elds. The eld strengths
take the form: p@!(p−1) + 1
20
(ikC
(p+1)) + : : :. In this case !(p−1) couples to
a (p− 2)-brane soliton, which describes the boundary of a p-brane ending on
the KK-monopole, with one of its worldvolume directions wrapped around
the Taub-NUT direction of the monopole. Let us consider, for instance, the
case of the IIA KK-monopole. The target space eld associated to !(1) is
ikC
(3). Then !(1) describes a D-2-brane, wrapped around the Taub-NUT
direction, ending on the KK-monopole.
The mechanism by which we have constructed the previous actions is
T -duality. The corresponding objects in IIA which the NS-5-brane and the
KK-monopole in IIB are dual to are the IIA KK-monopole and the IIA NS-
5-brane. These branes contain couplings to dual target space elds in their
worldvolumes, as well as to non-trivial worldvolume elds, for which the
T -duality transformation rules were not known. We have constructed the
T -duality rules for all the target space and worldvolume elds coupled to
these actions.
One possible generalization of type IIA supergravity contains a cosmolog-
ical constant term. This is the so-called massive supergravity [33, 34]. This
theory is related to type IIB supergravity by massive T -duality rules, which
have been derived in the literature for the gauge potentials occurring in the
supergravity actions, as well as for the worldvolume elds coupled to some
low dimensional D-branes [34, 15, 16]. We have left for a future publication
the derivation of the complete set of T -duality rules that map other solitonic
objects, where dual gauge potentials and more general worldvolume elds
are also present in the eective actions [31].
An interesting feature about the IIB NS-5-brane is the way the worldvol-
ume elds must transform under S-duality in order to show its connection
with the D-5-brane. One would have expected the corresponding actions to
be related by an S-duality transformation for the target space elds plus an
additional worldvolume duality for the BI eld, with the consequence that
the NS-5-brane would have depended on a worldvolume 3-form [13]. This is
in fact the way the F-string and the D-string are related [17]. There, together
with the S-duality transformation of the backgrounds, one needs to perform
a worldvolume duality transformation giving rise to the Born-Infeld eld of
the D-string. However the worldvolume eld content of the NS-5-brane re-
veals that this Poincare duality does not take place. Instead, we have found
that the S-duality transformation rules of the worldvolume elds reveal that
they transform as doublets or singlets depending on the behaviour under S-
duality of the target space eld to which they are associated. We believe this
information may be relevant for the construction of the worldvolume action
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of the so-called (p; q) 5-brane multiplet [13, 11]14.
Moreover, this result suggests that type IIB solitonic branes which are
S-dual partners of D-p-branes, i.e. IIB (1,0) p-branes, with p odd and p > 3,
are described by an eective action whose kinetic term contains the 1-form





)’(1 + e2’C(0) 2)
p−3
4
vuutjdet g + (20)e’p




This is the S-dual of the kinetic term of the corresponding D-p-brane. The
p = 5 case corresponds to the 5-brane that we have obtained in this arti-
cle. For p = 7 (6.1) describes the kinetic term of a (1,0) 7-brane, which can
in fact be obtained as T -dual to the M-KK-monopole of [18] reduced along
a transversal coordinate [31]. This information can be relevant for the con-
struction of the worldvolume actions of other type IIB (p; q) brane multiplets
15.
We have found that the type IIB KK-monopole is described by a gauged
sigma model, such that the degree of freedom associated to its Taub-NUT
isometry is eectively eliminated from the action. Gauged sigma-models have
proved very useful in order to describe Kaluza-Klein monopoles and eleven
dimensional massive branes [19, 37].
It was shown in [19] that the denition of a massive eleven dimensional su-
pergravity from which Romans’ massive IIA SUGRA could be derived upon
dimensional reduction, requires the existence of a Killing isometry in the
eleven dimensional background. Massive IIA D-branes are obtained through
direct and double dimensional reduction from massive M-branes, whose ef-
fective actions are described by gauged sigma-models in which the Killing
isometry is gauged. The M-9-brane is a solution of massive eleven dimen-
sional supergravity, since its double dimensional reduction gives the massive
IIA D-8-brane [38, 34]. It has been shown recently16 [39] that the M-9-brane
is described by the same kind of gauged sigma-model as the KK-monopoles.
The IIA NS-9-brane obtained by reduction along the transverse coordinate
contains the correct dilaton coupling [13]. Also, the IIB D-9-brane obtained
from it after T and S dualities has the correct scaling with e−. In this paper
we have obtained explicit T and S duality rules for worldvolume elds that
couple as well to the worldvolume actions of 9-branes. For instance, we know
from S-duality in the IIB D-9-brane that the IIB NS-9-brane must contain
14Recently a (p; q) multiplet of 5-brane solutions of type IIB supergravity has been
constructed in [35].
15See [36] for some recent work in this direction.
16For the gravitational part.
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the worldvolume vector c(1) in its eective action. Many of the results for
5-branes in this article can be generalized to 9-branes. We hope to report
progress in this direction in the near future.
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A T -duality
In this appendix we give the T -duality rules for the background elds that
couple to the NS-5-branes and KK-monopoles. For completion we also sum-
marize the target space T -duality rules that have been constructed previously
in the literature [14, 16]. In our notation z is the direction along which we
perform the duality transformation.
The T -duality rules that map (ikN) and (ik ~B), coupled to the IIA KK-
monopole action, onto type IIB backgrounds are:
N 01:::6z = −











































































































































Now we summarize the T -duality rules that have been constructed pre-
viously in [14, 16].




































































































Similarly, T -duality maps the type IIB background onto the type IIA as
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follows:
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B Target Space Gauge Symmetries
In this appendix we give the gauge symmetries for the background elds that
couple to the six dimensional worldvolume theories considered in this paper.
 Type IIA:
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C(1) = @(0) ;
B = 2@ ;
C(3) = 3@(2) + 3@(0)B ;
C(5) = 5@(4) + 30@(2)B + 15@(0)BB ;


















When coupled to the KK-monopole all the target space elds transform
as well with respect to its Killing isometry, as indicated by the last term
in (ikN).
 Type IIB: We work in the basis of elds where the 4-form C(4) is S-
selfdual. The gauge transformations are given by:
B = 2@ ;
C(2) = 2@(1) ;
C(4) = 4@(3) + 6@(1)B − 6C(2)@ ;
C(6) = 6@(5) + 60@(3)B
+45@(1)BB − 90C(2)B@ ;
 ~B = 6@~(5) − 60@(3)C(2)
+45@C(2)C(2) − 90@(1)BC(2) :
(B.3)
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We also include here the gauge transformation of the S-selfdual eld
ikN which couples to the KK-monopole:





−45@(ik(3))(ikC(2))B + 45@(ik(3))(ikB)C(2) :
(B.4)
As for the IIA case all the elds transform as well with respect to the
Killing isometry of the IIB KK-monopole.
C Worldvolume Gauge Symmetries
Here we give the gauge transformations of the worldvolume elds present in
the dierent actions that appear in this paper.
C.1 IIA KK-monopole






!(1) = @(0) − 1
20
(ik
(2)) + (0)@!(0) ;




−6@!(1) − 6(20)(0)@!(0)@!(1) ;
!(5) = 5@(4) − 1
20
(ik







The worldvolume gauge transformations are given by:
c(1) = @(0) − 1
20
(1) ;
~c(3) = @(2) − 1
20
(3) − 6@c(1) ;
~c(5) = 5@~(4) + 1
20
~
+20(3)@c(1) + 60(20)@c(1)@c(1) :
(C.2)
C.3 D-5-brane
The worldvolume symmetries for the D-5-brane are S-dual to those of the
NS-5-brane:
b = @(0) − 1
20
 ;






The worldvolume symmetries are given by [19]:
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c(0) = − 1
20
(0) ;
a(2) = 2@(1) − 1
20
(2) + 2@c(0) ;
~b = ~(4) − 1
20
~ + 5(4)@c(0)
−15(2)@a(2) − 30(20)@a(2)@c(0) :
(C.4)
C.5 IIB KK-monopole








!(2) = 2@(1) − 1
20
ik
(3) − 2(1)@!(0) − 2@~!(0) − 2(20)@!(0)@~!(0) ;
~!(5) = 5@~(4) − 1
20
ik ~
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